Background Conditional survival is a measure of prognosis for patients who have already survived for a specific period of time; however, data on conditional survival after sacrectomy in patients with sacral chordoma are lacking. In addition, because sacral tumors are rare and heterogeneous, classifying them in a way that allows physicians to predict functional outcomes after sacrectomy remains a challenge. Questions/purposes (1) What is the overall survival and disease-free survival in patients treated by sacrectomy for chordoma? (2) What is the conditional survival probability and how do prognostic factors change over time in patients undergoing surgical resection for sacral chordoma? (3) What is the local recurrence rate after surgery, how was it treated, and what factors impact on local recurrence? (4) What is the postoperative motor, sensory, bowel, and bladder function by level of resection as determined by using a newly designed scoring method?
Methods Between 2003 and 2012, our center treated 122 patients surgically for sacral chordoma. Of those, two died and five were lost before a minimum followup of 1 year was achieved, leaving 115 patients available for analysis in this retrospective study at a mean of 4.9 years (range, 1.3-10.8 years). Basically, single posterior or combined approaches were chosen based on the most cephalad extent of the tumor and resection level was normally at half or one sacral vertebrae above the tumor. The 5-year conditional survival rate was calculated based on Kaplan-Meier survival analysis. The effect of prognostic factors on conditional survival was also explored. A newly designed score method was proposed and adopted in the current study to critically evaluate the functional outcome after resection of the sacrum. Inter-and intraobserver reliability was tested by a preliminary study using kappa statistics and Spearman rank correlation coefficients. Significant interobserver (p\0.01) and intraobserver agreement (j[0.75) were found in nine items between each observer. Results The estimated 5-year overall survival rate was 81% (95% confidence interval [CI], 72%-90%) at diagnosis. The 5-year disease-free survival rate was 52% (95% CI, 43%-63%). The 5-year conditional overall survival decreased with each additional year in the first 4 years (81% at diagnosis versus 60% at the fourth year, p \ 0.0001) and increased slightly in the fifth year. Patients with adequate surgical margins displayed a higher 5-year survival than those with an inadequate margin (86% [95% CI, 76%-95%] versus 67% [95% CI, 48%-85%], p = 0.01) at diagnosis. Conditional survival estimates for patients who received operations elsewhere were lower than that of newly diagnosed patients treated by us at diagnosis (64% [95% CI, 46%-83%] versus 90% [95% CI, 82%-99%], p = 0.012), but with the numbers we had, we could not detect a difference in conditional survival between those treated Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained.
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Introduction
Primary malignant tumors of the sacrum are rare [28, 36] . Chordoma is the most common malignant primary tumor arising from the sacrum. Approximately 50% of spinal chordomas originate in the sacrum [7, 22, 44] . Sacral chordomas tend to be large at the time of diagnosis and often require en bloc resection for long-term disease-free survival [3, 12, 25, 29, 39] . Several studies have demonstrated that a negative surgical margin is the most important predictor of the local recurrence rate and survival [3, 12, 13, 44] ; however, wide resection is not achieved in 35% to 75% of patients undergoing surgery for this diagnosis [42] . Surgery in this anatomic site is challenging as a result of the complexity of the pelvic anatomy, adjacent visceral and vascular structures, and frequent compromise of spinopelvic continuity [12, 17, 32] . Surgeons often face a difficult choice between maximizing the preservation of function and achieving an adequate surgical margin.
To date, few large series describing the management of sacral chordoma exist [1, 42] . Moreover, prior studies have often focused on single, static 5-or 10-year overall survival or disease-free survival determined at the time of diagnosis [26, 34, 37] . In addition, prognostic factors or risk factors have been analyzed without taking into consideration the possibility of change in prognosis with time [23, 34] . Recognizing the changing likelihood of local recurrence and survival over time, conditional survival analysis offers meaningful prognostic information for patients who are successfully treated initially. Several previously published oncology papers revealed distinct patterns of conditional survival, which can vary substantially among different tumors [6, 10, 33] ; however, to the best of our knowledge, no investigations have explored the conditional survival pattern of sacral chordoma. Conditional survival provides valuable and relevant information on how the prognosis may change over time. Beyond counseling, conditional survival may also help to guide disease surveillance protocols [10] .
En bloc sacrectomy typically necessitates the sacrifice of some sacral nerve roots with the patients' motor, urinary, and bowel function being compromised, substantially affecting their quality of life. It is very important that the surgeons are able to give patients accurate and realistic expectations regarding the surgical results [31] . Although the relationship between the level of sacral amputation and the expected neurological deficit has been studied [31, 41] , it is hard to accurately anticipate and describe motor, urinary, and bowel function based on the published data. We therefore have proposed-and here, we begin to test-a scoring method to evaluate sacral nerve function after resection of a sacral chordoma.
We therefore asked: (1) What is the overall survival and disease-free survival in patients treated by sacrectomy for chordoma? (2) What is the conditional survival probability and how do prognostic factors change over time in patients undergoing surgical resection for sacral chordoma? (3) What is the local recurrence rate after surgery, how was it treated, and what factors impact on local recurrence? (4) What is the postoperative motor, sensory, bowel, and bladder function by level of resection as determined by using a newly designed scoring method?
Patients and Methods
This was a retrospective study. Between July 2003 and December 2012, our center treated 122 patients surgically for sacral chordoma. All the operations were done by one of our three senior surgeons (WG, RY, XT). Of those, two died and five were lost before a minimum followup of 1 year was achieved, leaving 115 patients available for analysis in the current retrospective study at a mean time of 4.9 years (range, 1.3-10.8 years). There were 78 men and 37 women with a mean age of 54 years old (range, 18-82 years old). Forty-seven (41%) patients had received previous sacrectomy elsewhere as a result of local recurrence in 38 patients and incomplete resection in nine patients. The remaining 68 patients received primary treatment after diagnosis at our institution. The average time from the onset of symptoms to final diagnosis ranged from 3 months to 3 years with an average duration of 9 months. Local pain was the predominant presenting symptom. A definitive diagnosis was determined using a core needle biopsy in newly diagnosed patients. With approval from the institutional review board, retrospective data on demographics, operative data, complications, postoperative functional status, and complete followup records were collected.
The operative data included the approach, methods of intraoperative hemorrhage control, surgical margin, resection level, and preservation of the sacral nerve roots. The study variables included surgical margins, other therapeutic modalities (radiotherapy and target therapy), postoperative bladder and bowel function, time to tumor recurrence, time to metastasis, and time to death. We do not routinely use preoperative radiotherapy, and the radiotherapy was only for recurrence cases (14 recurrent tumors were radiated followed by surgical removal, another five recurrent cases were only treated by radiotherapy). However, 17 patients received radiotherapy outside our hospital and referred to us for surgical treatment. Eleven patients tried targeted medicine, imatinib (PDGFR-beta positive on immunohistochemistry). A diagnosis of chordoma was made based on histopathologic features, tumor cells lying in a myxoid background, the nuclei being round and regular with little cytologic atypia, having cytoplasmic vacuolization, by two experienced pathologists (DS, KS).
Our techniques for sacrectomy have been previously reported [19, 27, 45] . The goal of the surgery was to obtain a wide or at least a marginal surgical margin resection. Depending on the extent of the tumor, a combined anterior and posterior approach or posterior approach alone was used. The methods of intraoperative hemorrhage control were as previously described [18, 40] . The resection was defined as an adequate margin resection when a wide or marginal margin was determined by pathology report, whereas an inadequate margin resection was used for patients with intralesional margins, including tumor spillage, or palliative resections where gross tumor was left behind [13] .
The resection level was determined by the most proximal part of the tumor. Usually, half or one normal vertebra (adjacent first normal proximal intervertebral disk) was set as the margin if possible. When the tumor invades caudally to S2-S3, it was normally resected en bloc using the posterior-only approach. Briefly, dissection was performed through the subcutaneous tissue, fascia, and muscles. The presacral space was reached by severing the sacrotuberous ligament. Next, the dissection was performed bluntly on the anterior aspect of the sacrum up to the S2 level and laterally to the sacroiliac joint. The presacral space was padded with gauze. A laminectomy was then performed. The thecal sac and S1-S3 nerve were exposed. The thecal sac was severed and ligated just below the S3 nerve. The S3 nerve was preserved at least on one side. If the S2 vertebral body is involved, then the tumor can also be excised using the posterior approach. The dural sac was ligated and sutured below the S1 nerve. Bilateral S2 nerves were preserved if the nerve roots could be dissected from the tumor surface. To protect the presacral nerves and blood vessels, a bone burr was used to complete the osteotomy. There were a total of 86 patients with the tumor invading below S2, and 75 patients received a sacrectomy using the posterior-only approach.
For tumors invading S1 or with a more cephalad extent, en bloc total sacrectomy was performed through the onestage combined anterior and posterior approach (25 of 29 patients), and the one-stage posterior-only approach [45] was used in the remaining four patients. For the anterior approach, an ilioinguinal incision was made and the retroperitoneal space was exposed. For larger sacral chordomas, preoperative embolization and an intraaortic balloon were used to temporarily occlude the abdominal aorta to reduce intraoperative bleeding. After the ureters were dissected and protected, L5-S1 discectomy was then performed. Further dissection was performed to expose the greater sciatic notch and the cephalad part of the iliosacral joint. Two guide needles were then inserted through the skin immediately beneath the greater sciatic notch and above the cephalad part of the iliosacral joint, bringing the two ends of the silicone tube out of the body and leaving the tube loop anterior to the iliosacral joint. Next, a Gigli saw was placed through a silicone tube during the posterior approach for tumor resection and osteotomies were performed laterally to the tumor [45] . Pre-and immediate postoperative radiotherapy were used in five and eight patients, respectively.
Thirty-six patients (31%) had wound complications, including wound dehiscence in 20 patients and deep infection in 16 patients. Sixteen patients with deep infection received once or staged débridement (totally 25 procedures) to close the wounds. Ten patients required a flap to close the skin defect. Sixteen patients developed postoperative cerebrospinal fluid leaks and were successfully managed by 7-to 10-day bed rest with the head of the bed elevated approximately 15°to 30°. Radiotherapy was not routinely given preoperatively. Of the 31 patients with a history of conventional or stereotactic radiotherapy, 11 patients developed a postoperative wound infection, which required additional soft tissue reconstruction, and three patients developed postoperative rectal fistula. Although this was not one of the study objectives, a chi square test showed there was a significant difference between the two groups. Patients who received radiotherapy had a higher risk of wound infection than those who did not (p \ 0.0001). Seven hardware failures were found in 58 patients who received rod-screw instrumentation.
Routine followup evaluation was performed every 3 months for the first 2 years, every 6 months for the next 3 years, and then annually. Each followup evaluation included a clinical examination, functional evaluation, and imaging studies with plain film, CT scan, or MRI for evaluation of local control. For metastasis surveillance, PET-CT or chest CT, bone scan, and abdominal ultrasound were routinely checked (Fig. 1) .
Motor, bladder, and bowel functionalities were recorded as the assessment at the most recent followup or the last assessment before local recurrence. A newly designed scoring method was used (Table 1) . Inter-and intraobserver reliability was tested by a preliminary study using kappa statistics and Spearman rank correlation coefficients. Significant interobserver (p \ 0.01) and intraobserver agreement (j [ 0.75) were found in nine items between each observer. The scoring system consisted of three main domains with three items in each domain for a more detailed evaluation of sacral nerve function. The three functional domains were (1) motor function and sensation of lower limbs; (2) urination and uriesthesia; and (3) defecation and rectal sensation. Each item was assessed on a 4-point scale (0, 1, 2, 3). A score of 3 indicates normal and 0 indicates a total loss of function with a maximum score of 27 points, which was recorded as 100%.
Statistical Analysis
We used survival analysis using Kaplan-Meier methods to evaluate overall survival, disease-free survival, and recurrence-free survival using the SPSS software package (Version 20.0; Chicago, IL, USA). The mathematical definition of conditional survival (CS) can be expressed as the following: CS(t|s) is the probability of surviving from an additional t years given that the patient has already survived for s years. This conditional probability is given as CS(t|s) = S(s + t)/(s). In principle, CS can be calculated considering the usual Kaplan-Meier estimates [21] . Thus, for instance, if CS(5|3) is to be determined, we simply divided the Kaplan-Meier estimator at t = 8 by the KaplanMeier estimator at t = 3. We calculated a 5-year survival estimate at the time of diagnosis and a 5-year survival estimate conditional at 1, 2, 3, 4, and 5 years of survival. When a survival curve shows a changing hazard rate over time, this will be reflected as a change in conditional survival as more time elapses from the time of diagnosis. Chisquare testing was performed to determine whether the previous surgery, most cephalad extent, adjuvant radiotherapy, surgical margin, and intraoperative hemorrhage control had an effect on local recurrence. The survival difference was compared with the log-rank test. Probability values \ 0.05 were considered statistically significant.
Results
The estimated 5-year overall survivorship was 81% (95% confidence interval [CI], 72%-90%) at diagnosis. The 5-year disease-free survivorship was 52% (95% CI, 43%-63%). During followup, 24 (21%) patients died of disease. Sixty-three (55%) patients were alive without evidence of local or distal relapse. There were 28 (24%) patients alive with disease. Twenty patients (17%) had distant metastases, including lung metastases in 13 patients observed at a median time of 42 months, bone metastases in nine patients, liver metastasis in three patients, and soft tissue metastasis in two patients. The clinical and operation-related factors that may have an association with decreased survival were analyzed (Table 2 ). Two factors that had a negative effect on survival were previous surgery (p = 0.012) and inadequate margin (p = 0.009).
The 5-year conditional overall survival decreased with each additional year in the first 4 years (81% at diagnosis versus 60% at fourth year, p \ 0.0001) with a subsequent increase in the fifth year (Fig. 2) . The 5-year conditional survival for patients with an adequate surgical margin remained unchanged from Year 1 to Year 5 (p [ 0.05); however, in patients with inadequate surgical margin resections, conditional survival demonstrated a decrease at the third year (67% at diagnosis versus 36% at 3 year after surgery, p \ 0.0001) and increased from the fourth year (Fig. 3A) , which indicated that the surgical margin had the largest effect on shortening survival during the third and fourth years compared with that of baseline and afterward. * Log-rank test; the category with the better survival; CI = confidence interval. Patients who had received operations before referral had a poorer 5-year survival at diagnosis compared with those who were newly diagnosed (64%, 95% CI, 45%-83% versus 90%, 95% CI, 82%-98%, p = 0.012), but the difference decreased with time and no longer existed 5 years after diagnosis (67% with 95% CI, 31%-87% versus 71% with 95% CI, 52%-86%, p [ 0.05) (Fig. 3B) . Five-year recurrence-free conditional survival estimates improved with each additional year of survival after diagnosis. Local recurrence-free 5-year survival was 48% (95% CI, 38%-59%) at diagnosis, worse than that of 97% (95% CI, 92%-100%) at the fifth year (p \ 0.01). For metastasis-free survival, 5-year conditional survival at the fifth year was 89% (95% CI, 83%-97%) and 85% (95% CI, 78%-92%) at diagnosis (p = 0.21) (Fig. 1 ).
In total, there were 53 (46%) local recurrences after the operations at a mean time of 42 months. The therapeutic approach most frequently used in cases of local recurrence was reresection, accounting for 60% (32 of 53) of recurrences. Palliative radiotherapy was attempted in 18 (34%) patients. Of the 68 patients who were initially diagnosed at our center, 25 had local recurrence after surgery. Nineteen patients received reresections and five patients received radiotherapy alone. One patient was recruited in a clinical trial. Previous surgery before referral (p = 0.001) and inadequate surgical margin (p \ 0.001) were found to be associated with a greater risk of local recurrence by univariate analysis (Table 3) .
The level of sacral amputation correlates with the expected neurological deficit and overall postoperative function (Table 4 ; Fig. 4 ). In this scoring system, a higher score is better. The average functional score based on the proposed scoring method was 67% (range, 11%-96%). The difference observed in motor function and sensation of the lower limb was between bilateral S1 preserved and sacrificed (p\0.01). Patients with a resection of the bilateral S1 nerve had impaired plantar flexion of the feet but were able to walk with canes or with support. Five patients reported moderate pain and analgesics were routinely used. One patient with only bilateral L5 nerve roots preserved experienced a total loss of sensation of the planta pedis and posterior of the leg. The average score for bladder function (9 points in total) was 5 for patients with bilateral S2 preserved, which is lower than that of 7 for patients with bilateral S3 preserved (p \ 0.01). There were six of 16 patients with unilateral S3 preserved and 13 of 20 patients with bilateral S3 preserved who achieved 9 points in urinary function domain. Patients with bilateral S3 preserved had a lower incidence of urinary leakage compared with patients with single S3 preserved with a mean bladder incontinence score of 2.8 ± 0.54 and 1.7 ± 0.72, respectively (p = 0.04). Moreover, bilateral S3 preservation provided better bladder sensation during micturition than unilateral S3 preserved (p = 0.03). Constipation was the most common problem in bowel function evaluation. We did not attempt to relate this to the nine patients who were taking narcotics routinely. There were 55 (60%) patients with mild constipation symptoms and nine patients with moderate constipation. However, fecal incontinence was less common, and only two patients frequently demonstrated incontinence. Preservation of bilateral S3 nerve roots decreased incontinence (p = 0.01) and sensation loss (p = 0.02) compared with when only unilateral the S3 nerve root was severed.
Discussion
The primary treatment for sacral chordoma is en bloc resection with a wide surgical margin. Previous clinical series have demonstrated that a negative surgical margin is the single most important predictor of tumor recurrence and long-term survival [13, 43] . Tumors with more proximal involvement necessitating total or subtotal sacrectomy pose the greatest management challenges as a result of the conflict between achieving a wide surgical margin and sacral nerve preservation [12, 13, 24, 43] . Data on conditional survival after sacrectomy for sacral chordoma are not well established. A clinically useful scoring system for evaluation of the functional outcome after sacrectomy should be of importance in advising patients who are about to undergo a sacrectomy. The present study showed 5-year conditional survival for sacral chordoma decreased with each additional year (81% at diagnosis versus 60% at the fourth year) and began to increase after the fourth year. This study had a number of limitations. First, the authors acknowledge that this study consisted of cases from one institution, which might pose a potential referral bias of the current group of patients such as a higher incidence of recurrent cases and larger size of tumor at diagnosis. * The data are presented as the mean ± SD; most cephalad level of preserved sacral nerve root. The lines between cells indicated significant difference (p \ 0.05).
Fig. 4
Postoperative overall function, including motor, bladder, and bowel function, correlated with the level of sacral nerve preservation (mean with SD).
Volume
Second, the retrospective method means that it was impossible to verify some variables had an effect on outcome as a result of a lack of a control group such as whether radiotherapy affected local recurrence. The third limitation of this study was the inability to analyze how function changes with time. The best way to assess these changes is to use dynamic analysis based on the followup results at different intervals after surgery for postoperative evaluation. A time-dependent function analysis after sacrectomy will be addressed in future studies. Also, the new scoring system used in the current study was not formally validated. The purpose of using the system here was for descriptive purpose. However, the purposed scoring method was functional and warranted further validation. In our group, the 5-year tumor-free survival rate was 52%, and the 5-year overall survival rate was 81%. The survival rate of the patients in our group was among the range reported in some studies by other groups, but we also studied conditional survival in this article. In 2003, Baratti et al. [2] reported 5-year and 10-year tumor-free survival rates of 60.6% and 24.2% and overall survival rates of 87.8% and 48.9%, respectively. In 2005, Fuchs et al. [13] reported 5-year and 10-year tumor-free survival rates of 59% and 46% and overall survival rates of 74% and 52%, respectively. Reresection after local recurrence achieved the same survival results, which suggested that surgical intervention should be reserved for local recurrence with the intention of long-term local control.
We found that the conditional survival of patients with sacral chordoma decreased with each additional year until the fourth year and increased slightly at the fifth year. The pattern is different from that of osteosarcoma, Ewing's sarcoma, and chondrosarcoma, of which the conditional survival improved with each year [10, 30] . This is potentially explained by the first 3 to 4 years after surgery, representing a period of high probability of local recurrence.
Conditional survival is different from standard survival predictors, which are less able to take into consideration the changes of variables at subsequent times after initial assessment. Conditional survival has been extensively studied for numerous malignancies [5, 6, 8, 15, 33] ; however, only a few studies have focused on bone sarcoma, including osteosarcoma, Ewing's sarcoma, and chondrosarcoma [10, 30] . To the best of our knowledge, this is the first study to investigate the conditional survival of sacral chordoma.
The mean time of local recurrence in the current group was 42 months, after which the 5-year conditional survival estimate improved. The conditional 5-year survival of patients who received an inadequate margin resection showed the lowest survival probability during the third and fourth years postoperatively, which indicated that the effect of the surgical margin on conditional 5-year survival was the greatest between 3 and 4 years after surgery. Despite a similar trend of the surgical margin and previous surgery in conditional survival over time, an inadequate margin and previous surgery before referral continued to have a lower 5-year conditional survival, which is consistent with previous studies demonstrating that the surgical margin is an important predictor of survival [9, 23, 26, 34, 38, 42] . The surgical margin is the main predictor factor for local control and disease-free survival [3, 11, 24, 44] . Intralesional surgery resulted in a high recurrence rate. York et al. [44] reported a 83% local recurrence rate of sacral chordoma after intralesional surgery. In the current study, all 16 patients who received primary surgery with an inadequate margin before referral developed local recurrence. Although all of the patients accepted adequate margin resection, there were still 12 patients (75%) who developed local recurrence after a second operation, demonstrating that the first procedure with an adequate margin is very important for local control. Bergh et al. [3] reported a 37% local recurrence rate at a median of 8 years of followup. Baratti et al. [2] , Hulen et al. [24] , and Hanna et al. [20] reported local recurrence rates of 54%, 56%, and 60%, respectively, at mean followups of 5.9, 5.5, and 4.4 years, respectively, after wide resection. Fuchs et al. [13] reported an excellent recurrence rate of 5% in 21 patients who all received wide resection. This rate was the best local control rate in the literature. However, of 31 patients with an inadequate surgical margin, 22 cases developed local recurrence (71%). In our series, 25 of 68 patients (37%) who accepted primary surgery at the authors' institution developed local recurrence. Our results are consistent with previous findings published in the literature. The trend for 5-year recurrence-free and metastasis-free conditional survival is different from conditional overall survival, both of which exhibited an increase with each additional year. Interestingly, the shape of the local recurrence-free conditional survival curve of chordoma more closely approximates conditional survival in osteosarcoma, Ewing's sarcoma [30] , and Grade 3 chondrosarcoma [10] , reflecting similarities in the biological aggressiveness of the tumor regardless of local recurrence resulting from the specific location. Importantly, there was a minimal increase in 5-year metastasis-free survival from diagnosis to the fifth year, which might be the result of the behavior of the tumor itself rather than the surgical margin. The interval changes of recurrence-free conditional survival were larger in magnitude than that of metastasis-free conditional survival, which provided evidence that local recurrence had a larger effect on survival than the biological behavior of the tumor. The difference was not captured using conventional assessment modalities of survival.
In our study, we found that disability in the lower legs was minor if bilateral S1 was preserved, which is consistent with the anatomical targets of these nerves. Because of the sacrifice of the S1 nerve roots, the patient had impairment of plantar flexion power. Loss of the L5 roots or additional injury to the lumbosacral trunks caused further difficulty with footdrop, which may be counteracted using ankle-foot orthoses [35] . Preservation of the bilateral S2 roots maintained 60% of the overall function in the current group of patients, suggesting that basic bowel and bladder function was preserved. The overall functional score for sparing unilateral and bilateral S3 was 77% and 85%, respectively. It has been reported that the level of resection in sacrectomy can predict neurological deficit and postoperative function [12, 31] . Gunterberg et al. [16] performed a neurological evaluation after sacrectomy in 1975. The relationship between resection levels and postoperative function was further studied and confirmed by other authors since Gunterberg et al. It has been reported that the preservation of bilateral L5 is necessary for satisfactory ambulation. Bilateral S2 is required to walk normally and for satisfactory bladder and bowel function, and bilateral preservation of S3 is necessary to maintain normal bladder and bowel function [14] . Todd et al. [41] found that sparing at least one S3 nerve preserved bowel and bladder function in most patients. In a review article by Kayani et al. [26] , the preservation of the bilateral S2 nerve roots was proposed to maintain 50% of normal urinary and bowel function. For S3 nerve roots, there is no consensus on their effect on residual bowel and bladder function. However, we found that the difference between unilateral and bilateral S3 nerve root preservation lay in urinary leakage and bowel and bladder sensation, which has not been previously reported.
Finally, we introduce a new scoring system, which we hope others will find useful to critically evaluate the functional outcome after sacrectomy in a more detailed fashion. However, the system was not formally validated. A new scoring system should be evaluated for test-retest reliability, measurement error, floor/ceiling effects, and other qualities before being accommodated into practice. In the current study, kappa statistics and Spearman rank correlation coefficients were analyzed to verify there was agreement among observers. Intraobserver reliability was tested by kappa coefficient. Further study will explore key validation criteria of the system such as content validity, internal consistency, test-retest reliability, construct validity, and responsiveness through a prospective study design. To best of our knowledge, no specific and validated scoring instrument can be used in clinical practice. Biagini et al. [4] developed a functional scoring system to evaluate neurological deficits after sacral resection. However, the degree of function compromised was not accurately described and incontinence and sensation deficit were also not listed in separate items. These limitations were indicated in a later application by Moran et al. [31] . Based on Biagini et al.'s scoring system, a newly designed scoring system was proposed and adopted in the current study aimed at accurately evaluating postoperative function after sacrectomy. The preliminary results showed that the proposed score system can distinguish the functional outcome according to the resection level, which warranted its further application on functional evaluation and can be extended to both preoperative and postoperative along with other clinical spectra.
In summary, the 5-year conditional survival for sacral chordoma decreased with each additional year and started to improve after the fourth year. The effect of the surgical margin and previous surgery on conditional survival showed a different pattern. The effect of an inadequate surgical margin was most important between the third and fourth years after diagnosis. The survival disadvantage of previous surgery elsewhere decreased with time and diminished at 5 years compared with patients who were newly diagnosed in the current group. Local recurrencefree and metastasis-free conditional survival improved with each additional year. The level of nerve root resections corresponded well with the overall functional scores according to the proposed scoring method. The minor difference between unilateral and bilateral S3 nerve preservation was that preservation of bilateral S3 nerve roots decreased the incontinence and sensation loss compared with sacrificing one S3 nerve root. Although larger studies and more data will be necessary to confirm the merits of our scoring method, we believe these data will lead to further study and be of help to surgeons when advising patients about sacrectomy.
